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(54) Route selection method 

(57) If an error range is specified with regard to the 
cost beforehand, a route satisfying all of a plurality of 
QoS conditions at a low cost and having a cost In the 
error range is selected as an optimum route. Such a 
route selection method is provided. 

At step Si . a plurality of QoS conditions to be satis- 
fied are set. At st^ S2, an approximation error e is 
input. At step S3, a range of a cost for searching for an 
optimum route is tentatively set. At step S4. an optimum 
solution cost approximation procedure is executed. At 
step S5. it is determined whether the cost searching 
range has been sufficiently narrowed. If the narrowed 
cost searching range is still too wide, then the process- 
ing returns to the step S4 and the optimum solution cost 
approximation procedure is repeated. If the cost search- 
ing range has already been narrowed, an optimum solu- 
tion deriving procedure is executed at step S6. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a route selec- 
tion method for selecting a route satisfying a condition 
with regard to a plurality of Quality of Service (QoS) out 
of routes each connecting a start point to an end point, 
and in particular to a route selection method, respon- 
sive to an approximation proportion of cost specified 
beforehand, for selecting a route satisfying a condition 
with regard to a plurality of QoSs a low cost within the 
approximation proportion. 

Description of the Related Art 

[0002] For high utilization of a network, a route selec- 
tion technique simultaneously satisfying a desired con- 
dition with regard to a plurality of QoSs. such as the 
bandwidth, transmission delay, and error rate, of a com- 
munication route at a low cost is necessary and indis- 
pensable. Also in ATM (Asynchronous Transfer Mode) 
spreading in recent years, a QoS such as cell delay var- 
iation tolerance, cell transfer delay, and cell loss ratio 
are defined. The importance of the comnuinication 
route selection technique capable of satisfying a 
desired condition with regard to a plurality of QoSs is 
increasing. According to their properties, a QoS can be 
classified broadly into the following three kinds. 

(1) Additive property 

[0003] It is such a property that the QoS value of a 
route becomes the sum of QoS values of respective 
links forming the route. For example, the transmission 
delay and the cell transfer delay come under the prop- 
erty. 

(2) Multiplicative property 

[0004] It is such a property that the QoS value of a 
route becomes a function of product of QoS values of 
respective links forming the route. For example, the 
error rate and the cell loss ratio come under the prop- 
erty. 

(3) Concave property 

[0005] It is such a property that the QoS value of a 
route becomes the minimum value among QoS values 
of respective links forming the route. For example, the 
bandwidth comes under the property. 
[0006] As a conventional technique for selecting a low 
cost route satisfying a condition with regard to a plurality 
of QoSs. "rule-kiased route selecting system" will now 
be desaibed by referring to a flow chart of FIG. 8. It is 



now assumed on a network having ten nodes (A to J) as 
shown in FIG. 9 that a route satisfying all desired QoS 
conditions from a node A (start point) to a node J (end 
point) and requiring the lowest cost is selected. In addi- 
5 tion, it is now assumed that the link cost, bandwidth, 
transmission delay, and error rate between nodes have 
values as shown in FIG. 10. and QoS conditions to be 
satisfied are the following three conditions. 

10 • QoS condition 1 - The bandwidth should be at least 
3. 

• QoS condition 2 - The transmission delay should be 
at most 16. 

QoS condition 3 - The error rate should be at most 
15 0.05. 

[0007] At step 871 . links which do not satisfy the 
desired conditions with regard to the bandwidth which is 
the concave QoS are excepted. In the present imple- 

20 mentation form, the bandwidth between D and J is "2" 
and hence it does not satisfy the QoS condition 1. 
Therefore, the route DJ is excepted from the subjects of 
the route selection. At step 872, the other QoS condi- 
tions to be satisfied are provided with priorities, and a 

25 maximum number of times of trial N described later in 
detail is determined. The present implementation form 
will be described, assuming that the QoS condition 2 
(transmission delay) is provided with a priority higher 
than that of the QoS condition 3 (error rate) and the 

30 maximum number of times of trial N is set to 2. 

[0008] At step 873. the cost function or one of the QoS 
conditions is selected. At first, however, the cost func- 
tion is always selected. At step S74, the condition 
selected at the step S73, i.e., at first a route PC minimiz- 

35 ing the cost function is selected regardless of other QoS 
conditions. In the example shown in FIG. 10, the route 
PO of the start point A G ^ H I the end point J 
is selected. At step S75. it is determined whether the 
route PO satisfies all of the QoS conditions. In the route 

40 PO, the transmission delay becomes "28" and hence the 
QoS condition 2 is not satisfied. Therefore, the process- 
ing proceeds to step S78. 

[0009] At the step S78, it is determined whether the 
number of times of trial n (=1) has exceeded the maxi- 

45 mum number of times of trial N (=2). Since n is not yet 
exceeded in this case, the processing proceeds to step 
S77, where the number of times of trial n is increased by 
one, and the processing returns to the step S73. At the 
step S73, the QoS condition 2 (transmission delay) hav- 

50 ing a higher priority is selected this time. At the step 
S74. a route PI minimizing the transmission delay is 
selected regardless of other QoS conditions. 
[0010] In the present implementation form, the route 
PI of the start point A E -> H I -> end point J is 

55 selected. At the step S75. it is determined whether the 
route PI satisfies all other QoS conditions simultane- 
ously. In the present implementation form, the error rate 
in the route PI becomes at most 0.05 and consequently 
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the QoS condition 3 is satisfied. Since all other QoS 
conditions are thus satisfied, the processing proceeds 
to step S76. At the step S76. the route PI is output as 
an optimum route. If the decision at the step S75 
becomes negation repeatedly and the nun±>er of times 5 
of trial n fias exceeded the maximum number of times of 
trial N at the step S78. then intormation representing 
that there is no route satisfying the conditions is output 
at step S79. 

[001 1] The above described converUional technique 10 
had the following problems. 

(1) The approximation precision depends upon the 
empirical law. 

At the step S72, each QoS condition is pro- is 
vided with a priority on the basis of the empirical 
law of the user. According to the priority, it is suc- 
cessively determined whether there is a route satis- 
fying each QoS condition. Without the knowledge 
concerning the kind and property of each QoS con- 20 
dition. an optimum route or a route having a high 
approximation precision cannot be selected. 

For example, contrary to the foregoing descrip- 
tion, it is now assumed that the QoS condition 3 
(error rate) is provided at the step.S72 with a priority 25 
higher than that of the QoS condition 2 (transmis- 
sion delay). At the step S73. in this case, a route 
represented as the start point A->B^C->F-> 
the end point J is represented as the minimum error 
rate route P2. This route P2 has a transmission 30 
delay of "14". and satisfy all QoS conditions. And 
the sum of the link costs of the route P2 is "26", and 
it becomes less than the cost "32" of the route P1 . 

Since the selected route thus differs depending 
upon how QoSs are provided with priorities, the 35 
approximation precision depends upon the empiri- 
cal law. If the number r of the QoS conditions 
increases, the number of ways of providing QoSs 
with priorities increases as represented by 
r! = r X (r - 1) X • • • 2 X 1 . Therefore, the 40 
approximation precision furthermore depends upon 
the empirical law. 

(2) The approximation precision is fixed. 

The approximation proportion is fixedly deter- 
mined by the network configuration such as the 45 
number or cost of nodes and links, bandwidth, 
transmission delay, and error rate. There occurs 
such a situation that network resources satisfying 
QoS conditions desired by the rietwork provider or 
the network users cannot be flexibly assigned. so 

For example, in the above described conven- 
tional system, a route A-^E-^H->I->J minimiz- 
ing the transmission delay irrespective of the cost is 
selected. However, the sum of link costs of this 
route is "32*'. whereas the sum of link costs of the ss 
optimum solution is "14". The approximation ratio is 
32/14, i.e., approximately 2.3. Therefore, the maxi- 
mum value of the approximation ratia i.e., the 



approximation proportion of the conventional tech- 
nique in an arbitrary network becomes at least 2.3. 

[0012] In the above described conventional technique, 
the approximation proportion is fixedly determined by 
the network configuration such as the link cost. Even if 
it is attempted to derive a route having a higher approx- 
imation precision in an arbitrary network by, for exam- 
ple, making the approximation proportion less than 2.3. 
therefore, such a demand is not satisfied, resulting in a 
problem. 

SUMMARY OF THE INVENTION 

[0013] An object of the present invention is to provide 
a route selection method which does not depend upon 
the empirical law of the user, and which can select, in 
response to specification of an arbitrary approximation 
error c given at the time of execution, an optimum route 
satisfying a desired approximation proportion (1 + c) 
regardless of the network configuration. 
[0014] In order to achieve the object, a route selection 
method for selecting a route satisfying a plurality of QoS 
conditions at a low cost, out of a plurality of routes con- 
necting a start point to an end point via at least one 
node according to the present invention includes the 
steps of: setting conditions for a plurality of QoSs, 
respectively; inputting an error range permissible for a 
cost of an unknown optimum route; tentatively setting a 
cost searching range containing at least the cost of the 
optimum route; determining whether the cost searching 
range has been narrowed to a searching possible range 
which is a function of the error range; in response to 
judgment that the cost searching range has not been 
narrowed to the searching possible range, deriving a 
plurality of QoSs of routes leading from the start point to 
respective nodes at each cost, in order of cost, begin- 
ning with a lowest cost within a current cost searching 
range, on the basis of QoSs of nodes having QoSs 
already derived; narrowing the cost searching range, on 
the l)asis of whether a route leading from the start point 
to the end point and satisfying all of the plurality of QoS 
conditions is found until a reference cost given as a 
function of the error range is reached; arKi searching the 
narrowed cost searching range for an optimum route. 
[0015] According to the above described route selec- 
tion method, a substantially optimum route held in a pre- 
determined error range can be selected without 
depending upon the operator's knowledge or experi- 
ence concerning the QoS conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

FIG. 1 is a schematic flow chart of a route selection 

method according to the present invention; 

FIG. 2 is a diagram schematically representing the' 
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basic concept of the present invention; 

FIG. 3 is a diagram illustrating an optimum solution 

deriving procedure; 

FIG. 4 is a flow chart of a first embodiment of the 
present invention; 

FIG. 5 is a flow chart of an optimum solution cost 
approximation procedure; 

FIG. 6 is a flow chart of a second embodiment of 
the present invention; 

FIG. 7 is a flow chart of a third embodiment of the 
present invention; 

FIG. 8 is a flow chart of a conventional technique; 
FIG. 9 is a diagram showing an example of a net- 
work configuration; 

FIG. 10 is a diagram showing properties of respec- 
tive links in a list form; 

FIG. 11 is a flow chart of an optimum solution deriv- 
ing procedure: and 

FIG. 12 is a diagram illustrating problems in the 
route selection. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0017] Hereafter, the present invention will be 
described in detail by referring to drawing. At first, the 
basic concept of the present invention will be described 
briefly. Thereafter, the present invention will be 
described in detail by referring to concrete examples. 
[0018] FIG. 1 is a flow chart showing the schematic 
operation of an embodiment of a route selection method 
according to the present invention. It is now assumed 
that out of a plurality of routes connecting a start point A 
to an end point J via a plurality of transit nodes, an opti- 
mum route simultaneously satisfying a plurality of QoS 
conditions at a low cost is selected, as shown in FIG. 
10. By taking this case as an example, the flow chart of 
FIG. 1 will now be described. 

[0019] At step 81. desired conditions concerning 
QoSs such as the bandwidth, transmission delay, and 
error rate are set as a plurality of QoS conditions to be 
satisfied. With respect to the cost (optimum cost) of an 
unknown optimum route requiring a minimum cost 
among routes satisfying all of the plurality of QoS condi- 
tions, a permissible approximation error e is input at step 
S2. For example, if the cost burden is permitted to the 
extent of 1.5 times the optimum cost (i.e.. to the extent 
of 1 .5 in approximation proportion), 0.5 is input as the 
approximation error e. 

[0020] At step S3, an upper limit value CUB and a 
lower limit value CLB containing the above described 
optimum cost between them are appropriately set. and 
thereby a cost searching range searched for the opti- 
mum cost (hereafter referred to simply as cost search- 
ing range) is tentatively set. In other words, if it is 
predicted that the optimum cost will be in the range of, 
for example. 30 ± 20, then 10 (= 30 - 20) is set as the 
lower limit value CLB of the search cost searching range 



and 50 (= 30 -I- 20) is set as the upper limit value CUB of 
the search cost searching range. The cost searching 
range is thus narrowed down to the range of 10 to 50. 
[0021] At step 84, an optimum solution cost approxi- 

5 mation procedure desatbed later in detail is executed. 
The optimum solution cost approximation procedure is 
preprocessing for narrowing beforehand the cost 
searching range searched in an optimum solution deriv- 
ing procedure to be executed later at step 86. The opti- 

10 mum solution cost approximation procedure is executed 
for the purpose of shortening the search time spent in 
the optimum solution deriving procedure. 
[0022] FIG. 2 is a diagram schematically representing 
the relation between the optimum solution cost approxi- 

15 mation procedure and the optimum solution deriving 
procedure. For example, if it is attempted to derive an 
optimum cost by using only the optimum solution deriv- 
ing procedure in the case where the sum of the link 
costs required from the start point A to the end point J 

20 can take the cost of 1 to the cost of 1 00, the whole cost 
searching range (1 to 100) must be searched. In other 
words, it must first be determined whether there is a 
route connecting the start point A to the end point J at a 
cost of 1 . If there is not such a route, then it must t>e 

25 determined whether there is a route connecting the 
start point A to the end point J at a cost of 2. Such a 
determination must be repeated. Although the optimum 
route and the optimum cost could be derived by using 
the optimum solution deriving procedure, therefore, the 

30 optimum solution deriving procedure had a problem of 
requiring a long time until they could be derived. 
[0023] In the present invention, such a problem is 
eliminated by setting the ipper limit value CUB and the 
lower limit value CLB concerning the cost searching 

35 range to be searched and thereby narrowing the cost 
searching range beforehand at the step 83 of FIG. 1. If 
the cost searching range is still wide, the optimum solu- 
tion cost approximation procedure is repeatedly exe- 
cuted prior to the optimum solution deriving procedure 

40 in order to further narrow the cost searching range. And 
the optimum solution deriving procedure is executed for 
only a narrow cost searching range. 
[0024] To be more concrete, it is determined whether 
a route having an arbitrary cost V satisfies all of a plural- 

45 ity of QoS conditions in the optimum solutton cost 
approximation procedure at the step S4 (step S4a). If 
the route satisfies all QoS conditions, it is found that the 
optimum (minimum) cost is equal to or less than the 
arbitrary cost V. On the contrary, if there Is even one 

50 QoS condition which is not satisfied, it is found that the 
optimum cost is at least the arbitrary cost V. On the 
basis of the result of the above described determination, 
therefore, the cost searching range can be narrowed 
(step S4b). 

55 [0025] At step 85. it is determined whether tfie cost 
searching range has been sufficientiy narrowed. If the 
narrowed cost searching range is still too wide, then the 
processing retums to the step 84, and the optimum 
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solution cost approximation procedure is repeated. If 
the cost searching range is already sufficiently nar> 
rowed, the optimum solution deriving procedure at step 
S6 is executed. At step S6, a plurality of QoS values 
concerning each route are derived in the order of link 5 
cost beginning with the lowest link cost within the nar- 
rowed cost searching range (step S6a). A route first sat- 
isfying all QoS conditions ts regarded as a substantial 
optimum route (step S6b). 

[0026] FIG. 3 is a diagram Illustrating the contents of 10 
the optimum solution deriving procedure. FIG. 11 is a 
flow chart showing its operation. 
[0027] At step S51 . a cost variable c is set to its initial 
value "1** in order to derive each QoS value required to 
proceed from the start point A to each node, every cost is 
In the order of cost, beginning with the minimum cost (= 
1). At step S52, a node variable i is set to its initial value 
"2" in order to derive all QoSs required to proceed from 
the start point A (the first node) to an ith node, every 
cost. 20 
[0028] At step S53, all QoSs required to proceed from 
the start point A to an ith node (which is the second 
node B) are derived, for a route having a cost coinciding 
with the cost variable c (which is "1 " here). 
[0029] At step S54, it is determined whether the node 25 
variable i is n, i.e.. whether the processing has pro- 
ceeded to the end point J for a route having the cost var- 
iable of c (= 1). At the first trial, the node variable i is 
equal to or less than n. Therefore, the processing pro- 
ceeds to step S56. At the step S56, the node variable i 30 
is inaeased by one. and the processing returns to the 
step S53. 

[0030] For the case where the cost variable c is "1", 
the processing of the steps S53. S54 and S56 is 
repeated in the same way whenever the node variable i 35 
is increased until the node variable i reaches n. In the 
present embodiment, costs between the start point A 
and the node B, between the start point A and the node 
E. and between the start point A and the node G are 
respectively 2, 26. and 2 as shown in FIG. 1 0. Since the 40 
cost variable c (= 1 ) is already exceeded, any QoS value 
Is not registered in QoS columns (1, B) to (1. J) con- 
cerning the cost variable c (= 1) as shown in FIG. 3. tf 
the node variable i is judged at the step S54 to be coin- 
cident with n, the processing proceeds to step S55. At 45 
the step S55, it is determined whether the route from 
the start point A to the end point J satisfies all QoS con- 
ditions. In the present emlxxliment, a route having the 
cost variat)le c equivalent to *'r is not present, and the 
QoS value has not been registered in each QoS col- so 
umn. Therefore, the decision at the step S55 yields 
negation, and the processing proceeds to step S58. At 
the step S58. the cost variable c is increased by one. 
Thereafter, the processing returns to the step S52. 
[0031] Sut)sequently. for a route having the cost vari- ss 
able c equivalent to "2". the processing of the steps S52 
to S54 and S56 is repeated in the same way as the fore- 
going description until the rKxIe variable i reaches n. In 



the present en^odiment. the cost variak>le c of the 
routes as far as the node B and as far as the no6e G is 
"2". As shown in FIG. 3. therefore, (3. 2, 0.005) is stored 
in a QoS column (2. B) as QoSs concerning the band- 
width, transmission delay, and error rate. 
[0032] In the present embodiment, however, the cost 
of the route from the node A to the node B is already "2". 
With the cost of "2", an advance from the node B to the 
next node is impossible. In QoS columns (2. C) to (2. J), 
therefore, QoS values are not registered. In the same 
way, an advance from the node 8 to the next node is 
imposs!t)le even at a cost of "3"' In QoS column (3. B), 
therefore, the QoS value (3. 2. 0.005) is registered in the 
same way as the foregoing description. In QoS columns 
(3, C) to (3, J), however; QoS values are not registered. 
[0033] With a cost of -4", an advance from the node B 
to the node C is possible. In QoS column (4, B), there- 
fore, the QoS value (3, 2, 0.005) is registered in the 
same way as the foregoing description. In QoS column 
(4, C). a QoS value (3, 4. 0.00975) is registered. 
[0034] Hereafter, a QoS value as far as each node is 
derived for each cost variable. If there is a route reach- 
ing the node J. each QoS value at that time is compared 
with a reference value. If as a result even one QoS value 
does not satisfy the reference condition, then the 
processing returns from the step S55 to the step S58, 
the cost variable is increased, and the above described 
processing is furthermore repeated. If in any cost varia- 
ble each QoS value of a route reaching the node J sat- 
isfies all reference corxiitions, then the processing 
proceeds from the step S55 to step S57. and the route 
is judged to be an optimum solution. 
[0035] As schematically shown in FIG. 12, it is now 
assumed that there is a route 1 passing through a node 
V and a route 2 passing through a node W as routes 
reaching a node X (passing point) located between the 
start point A and the end point J. If in this case one of 
the routes is more excellent than the other of the routes 
for all QoSs. the QoS of the route reaching the end point 
J is derived as QoS of the route reaching the end point 
J via the more excellent one route. 
[0036] However, it is possible that the route 1 Is more 
excellent with regard to, for example, the t>andwidth and 
transmission delay, but the route 2 is more excellent 
with regard to the error rate. If the relative excellence 
between the routes 1 and 2 is not determined uniquely 
with regard to QoSs as in this case, it poses a problem 
on the t>asis of which route the QoS of the route reach- 
ing the erxi point J is derived. 

[0037] In the present embodiment, such a prot>lem is 
solved as described below. If there are a plurality of 
routes reaching a passing node at the same cost and 
the relative excellence among the routes reaching the 
passing node is not determined uniquely with regard to 
QoSs, then it is first determined wheth^ a route reach- 
ing the end point via an arbitrary one of the plurality of 
routes satisfies all QoS conditions. If even one of a plu- 
rality of QoS conditions is not satisfied, then it is this' 
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time determined whether a route reaching the end point 
via another route satisfies all QoS conditions. If all QoS 
conditions are satisfied, then the route is judged to be 
an optimum route. 

[0038] Even in the case where in a process reaching s 
the end point, there are a plurality of routes having the 
same cost which are not uniquely determined in relative 
excellence of Ck)Ss. and such a route as not to be able 
to satisfy all QoS conditions at the end point is included 
amor)g them, therefore, if even one route capable of sat- io 
isfying all QoS conditions at the end point is included, 
that route can be selected. 

[0039] With reference to flow charts of FIGS. 4 and 5. 
operation of an embodiment of a route selection method 
according to the present invention will now be described is 
in detail by taking the network described with reference 
to FIGS. 9 and 10 as an example. FIG. 4 is a flow chart 
showing the principal operation of the route selection 
method according to the present invention. 
[0040] At step 811 , a plurality of QoS conditions to be 20 
satisfied and an approximation error c are set It is now 
assumed that an unknown optimum route has a mini- 
mum cost OPT among routes satisfying all QoS condi- 
tions. An approximation error permissible for the 
minimum cost OPT is e. The approximation error e is set 2S 
beforehand to such a value that a route can be regarded 
as a substantial optimum route provided that the 
derived cost of the route becomes equal to or less than 
OPT (1 + e). 

[0041] In the present embodiment. "0.5" is set as the 30 
approximation error c. As a plurality of QoS conditions, 
conditions (reference values) concerning QoSs of the 
bandwidth, transmission delay, and error rate are set In 
the present emkxxjiment. it is assumed that the band- 
width is set to at least 3. the transmission delay is set to 35 
at most 16. and the error rate is at most 0.05. 
[0042] With respect to the concave bandwidth among 
QoSs, a link t>etween D and J (bandwidth = 2) which 
does not satisfy the QoS condition [^3] is removed from 
the subjects of the route selection at step 812. At step 40 
813, "r is tentatively set as the lower limit value CLB of 
the cost searching range. 

[0043] At step 81 4, the sum of costs ranging from the 
maximum cost to a [n (the number of nodes) - 1]th larg- 
est cost is set as the upper limit value CUB. In the 45 
present embodiment, the number of nodes is 10 (A to 
J). As the sum of costs ranging from the maximum cost 
of 26 (between A and E) to the ninth cost, therefore, 78 
is set as the upper limit value CUB. Because 26 
(between A and E) 4- 20 (between C and D) + 20 so 
(between F and J) + 2 (between A and B) + 2 (between 
A and G) + 2 (between B and C) + 2 (between C and F) 
+ 2 (between E and F) = 78. 

[0044] At step 81 5. it is determined on the basis of the 
lower limit value CLB and the upper limit value CUB ss 
whether the cost searching range has been sufficiently 
nan-owed. If the lower limit value CLB and the upper 
limit value CUB satisfy the following equation (1). then 



the cost searching range is judged to be sufficiently nar- 
rowed, and the processing proceeds to step 851. 

CUB ^ (1 + e) • CLB (1) 

[0045] Here, the lower limit value CLB is "1 the upper 
limit value CUB is "78". and the approximation error e is 
0.5. Therefore, the expression (1) is not satisfied. In 
order to furthermore narrow the cost searching range, 
therefore, the processing proceeds to step 816. At the 
step 816, a variable V satisfying the following expres- 
sion (2) is derived as a tentative predicted value of the 
optimum cost 

[0046] For a series ai represented by the following 
expression, the minimum k satisfying a^ > CUB/CLB is 
derived in the present embodiment in order to derive the 
predicted value V satisfying the following expression 
(2). 

aj = 2^'(i = 1.2. - • •) 

[0047] Suljsequently. V represented as V* = aK.2 is 
derived, and the predicted value V represented as 
V = V* • CLB is derived. In the present emk>odiment. "4" 
is derived as the predicted value V. 

(CLB CUB ^'^) < V ^ (CLB CUB ^^) (2) 

[0048] At step 81 7. the optimum solution cost approx- 
imation procedure for narrowing the cost searching 
range is executed under the condition that the predicted 
value V = 4 and the approximation error e = 0.5. 
[0049] FIG. 5 is a flow chart showing the operation of 
the optimum solution cost approximation procedure. As 
links each having a link cost of at least the predicted 
value V, the link between A and E. the link between C 
and D, and the link between F and J are excepted from 
the subjects of the route selection at step S31. At step 
832. a link cost Cxy between nodes X and Y is replaced 
by an approximation value Cixy on the basis of the fol- 
lowing expression (3). As a result, link costs having 
small difference values can be grouped into the same 
cost. Therefore, the kinds of values respective link costs 
can assume can be reduced. 

Clxy = [(n-1) • Cxy/(V • c)] (3) 

where [ • • • ] means omitting decimals of • • • . 
[0050] Here, the number of nodes n is "10", the pre- 
dicted value V is "4", and the approximation error e is 
0.5. For example, therefore, the cost of "2" is replaced 
by a cost of "9". and the cost "3" is replaced by a cost of 
"13". 

[0051] At step 833. an initial value "0" is set as the 
cost variable t in order to derive QoS valu^ from the 
start point A to respective nodes every cost in the order 
of cost, beginning with the minimum cost (= 0). At step 
834, it is determined whether the following expression 
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(4) is satisfied. If satisfied, the processing proceeds to 
step Si 8 of FIG. 4. At the step S18. the lower limit value 
CLB of the cost searching range is updated to change 
from "r to the above described predicted value V (= 4). 
As a result, the cost searching range is narrowed. If the 
expression (4) is not satisfied, the processing proceeds 
to step S35. 

cg(n-1)/e (4) 

[0052] In the present embodiment, the right side of the 
expression (4) becomes "18". Therefore, the processing 
proceeds to the step S35. At step S35, an initial value 
"2" is set as the node variable i in order to derive all QoS 
values from the start point A (the first node) to an ith 
node every cost. 

[0053] With regard to routes starting from the node A, 
reaching respective nodes, and having the sum of link 
costs equivalent to c. their QoS values are derived at 
subsequent steps S36 to S38. In other words. QoS val- 
ues of the routes starting from the start point A. reach- 
ing respective nodes, and having the sum of link costs 
equivalent to c (» 0) are derived. At the step S37, the 
node variable t is compared with the number of nodes n. 
If the node variable i does not coincide with the number 
of nodes n. then the node variable i is increased by "1" 
at the step S38. and the processing returns to the step 
S36. 

[0054] If the node variable i coincides with the number 
of nodes n at the step S37, then the processing pro- 
ceeds to step SSa In other words, if QoS values of the 
routes starting from the node A, reaching the end point 
node J. and having the sum of link costs equivalent to c 
are derived, then the processing proceeds to step S39. 
At the step S39. it is determined whether the derived 
QoSs satisfy all QoS conditions. Here, a route leading 
from the start point A to the end point J, having the sum 
of link costs equivalent to "0". and satisfying all QoS 
conditions is not present. At step S40, therefore, the 
cost variat)le c is increased by "1" and thereafter the 
processing returns to she step 834. 
[0055] If in the present emtKxJiment the processing of 
the steps S34 to S40 is repeated 1 7 times and the cost 
variable c becomes "18". then the decision at the step 
834 becomes true prior to that at the step 839, and the 
processing proceeds to the step Si 8 of FIG. 4. 
[0056] Refen-ing back to FIG. 4. the predicted value V 
(= 4) is set as the lower limit value CLB at the step Si 8. 
Thereafter, the processing returns to the step Si 5. At 
the step SI 5, it is determined whether the space 
between the upper limit value CUB and the lower limit 
value CLB has been sufficiently narrowed in the same 
way as the foregoing description. In the present embod- 
iment, the upper limit value CUB is "78" and the lower 
limit value CLB is "4". Since the expression (1) is not 
satisfied, the cost searching range is judged to be still 
too wide and the processing proceeds to the step 816. 
At the step 816. the predicted value V is calculated on 



the basis of the expression (2) in the same way as the 
foregoing description, and "16" is obtained this time. 
[0057] At the step 817. the optimum solution cost 
approximation procedure (FIG. 5) is executed in the 

5 same way as the foregoing description, with the pre- 
dicted value V = 16 and the approximation error = 0.5 
this time. This time, the decision at the step 839 
becomes true prior to the decision at the step 834. and 
the processing proceeds to the step 819 of FIG. 4, 

10 Referring back to FIG. 4. the-upper limit value CUB is 
updated to become "24" according to the following 
expression (5) at the step 819. 

Upper limit value CUB = (1 -i- s) V (5) 

15 

[0058] At the subsequent step 815. it is determined in 
the same way as the foregoing description whether the 
space between the upper limit value CUB and the lower 
limit value CLB has been sufficiently narrowed. In the 

20 present embodiment, the upper limit value CUB is "24** 
and the lower limit value CLB is "4". Since the expres- 
sion (1) is still false, the processing of the step SI 6 and 
subsequent steps is repeated again. When the upper 
limit value CUB has become "12 * 2^^" and the lower 

25 limit value CLB becomes "8- 2^'^", the expression (1) 
becomes true. Therefore, the cost searching range is 
judged to have been sufficiently nanrowed. and tfiie 
processing proceeds to the step 851 . At the step 851 . 
the upper limit value CUB = 12 • 2^"^ = 16.97 is recog- 

30 nized as the sum of link costs of the optimum solution. 
[0059] As for the numerical value replacement at the 
step 832 of FIG. 5 arxj the technique for narrowing the 
cost searching range on the basis of the magnitude 
decision at the step 834. they are described in detail in 

35 "APPROXIMATION SCHEMES FOR THE 
RESTRICTED SHORTEST PATH PROBLEM", MATHE- 
MATICS OF OPERATIONS RESEARCH, Vol 17, No. 1. 
February 1992, which Is Incorporated herein by refer- 
erx:e. 

40 [0060] FIG. 6 is a flow chart showing the principal 
operation of a second embodiment of a route selection 
method according to the present invention. At the steps 
denoted by the same characters as those of the forego- 
ing description, like processing is executed, and oonse- 

45 quently description of those steps will be omitted. 

[0061 ] If in the present embodiment the decision at the 
step 815 becomes true and the cost searching range 
becomes sufficiently narrow, then routes having the 
sum of link costs less than the lower limit value CLB and 

so routes having the sum of link costs greater than the 
iflDper limit value CUB are excepted from the search 
subjects at step 861. At step 862, an optimum route is 
derived by making all of the remaining routes the sub- 
jects. 

55 [0062] FIG. 7 is a flow chart showing the principal 
operation of a third errdxxiiment of a route selection 
method according to the present invention. At the steps 
denoted by the same characters as those of the forego-' 



7 



13 



EP0897 253 A2 



14 



ing description, like processing is executed, and conse- 
quently description of those steps will be omitted. 
[0063] If in the present embodiment the decision at the 
step Sis becomes true and the cost searching range 
becomes sufficiently narrow, then the optimum solution s 
deriving procedure described before with reference to 
FIGS. 3 and 1 1 is executed at step S71 by making the 
narrowed cost searching range the sut>ject. In other 
words, starting from the lower limit value CLB, an opti- 
mum route is derived by making all routes the subjects. io 
[0064] According to the present invention, the follow- 
ing effects are achieved. 

(1) The cost searching range is narrowed before- 
harxJ. For only the narrowed range, it is determined is 
for each cost whether a route leading from the start 
point to the end point is present. As a result, the 
time required until the optimum solution is derived 

is shortened. 

(2) It becomes possible to derive such an optimum 20 
solution as to satisfy an approximation error speci- 
fied beforehand. 

(3) If there are a plurality of routes leading from the 
start point to each node at the same cost and there 

is a QoS condition which cannot be satisfied when 2S 
the end point is reached via one of the routes, then 
the case where another route is used is examined. 
If as a result all QoS conditions are satisfied, the 
route is recognized as the optimum solution, if there 
is even one route capable of reaching the end point. 30 
therefore, it becomes possible to select the route. 

Claims 

1 . A route selection method tor selecting a route satis- 35 
fying a plurality of QoS conditions at a low cost, out 
of a plurality of routes connecting a start point to an 
end point via at least one node, said route selection 
method comprising tiie steps of: 

40 

setting conditions to be satisfied for a plurality 
of QoSs. respectively: 

inputting an error range permissible for a cost 
of an unknown optimum route having a mini- 
mum cost among routes satisfying all QoS con- 45 

ditlons; 

tentatively setting a cost searching range con- 
taining at least the minimum cost; 
determining whether said cost searching range 
has been narrowed to a searching possible so 
range, said range being a function of said error 
range; 

in response to judgment that said cost search- 
ing range has not been narrowed to the search- 
ing possible range, deriving a plurality of QoSs ss 
of routes leading from the start point to respec- 
tive nodes at each cost, in order of cost, begin- 
ning with a lowest cost within a current cost 



searching range, on tiie basis of QoSs of 
nodes having (QoSs already derived: 
narrowing said cost searching range when a 
route leading from the start point to the end 
point and satisfying all of said plurality of QoS 
conditions is found, on the basis of it cost; and 
searching the cost searching range narrowed 
to said searching possible range for an opti- 
mum route. 

2. A route selection method according to Claim 1. 
wherein said step of searching the cost searching 
range narrowed to said searching possible range 
for an optimum route comprises the step of judging 
a route contained in said cost searching range to be 
a substantially optimum route. 

3. A route selection method according to Claim 1, 
wherein said step of searching the cost searching 
range narrowed to saki searching possible range 
Ibr an optimum route comprises the steps of: 

deriving a plurality of QoSs of routes leading 
from ihe start point to respective nodes at each 
cost, in order of cost, beginning witii a lowest 
cost within said cost searching range, on tiie 
basis of QoSs of nodes having QoSs already 
derived; and 

judging a first route satisfying all of sakf plural- 
ity of QoS conditions and leading from tiie start 
point to the end point to be a substantially opti- 
mum route. 

4. A route selection method according to Claim 1, 
wherein said step of searching the cost searching 
range narrowed to said searching possitDle range 
for an optimum route comprises the step of except- 
ing routes each having a cost required for proceed- 
ing from the start point to the end point outside sakl 
cost searching range from subjects of the search 
t>eforehand and searching only remaining routes for 
an optimum route. 

5. A route selection method according to Claim 4, 
wherein in the case where there are a plurality of 
routes reaching a passing node at the same cost 
and the relative excellence among the routes 
reaching the passing node is not determined 
uniquely with regard to QoSs, said route selection 
method comprises the steps of: 

first determining whether a route reaching the 
end point via an arbitrary one of the plurality of 
routes satisfies all QoS conditions; 
if even one of a plurality of QoS conditions is 
not satisfied, then determining this time 
whether a route reaching the end point via 
another route satisfies all QoS conditions; 
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if even one of a plurality of QoS conditions is 
not satisfied, then determining whether a route 
reaching the end point via still another route 
satisfies all QoS conditions; 
repeating the determination step route by s 
route: arxi 

if any one route satisfies all QoS conditions, 
then selecting the route as the optimum route. 

6. A route selection method according to any one of io 
Claims 1 to 5, wherein said plurality of QoSs com- 
prises at least one of an additive QoS in which a 
QoS value of a route is given as sum of QoS values 
of respective links, a multiplicative QoS in which a 
QoS value of a route is given as product of QoS val- is 
ues of respective links, and a concave QoS in which 
a QoS value of a route is given as the minimum 
value of QoS values of respective links. 
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